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Breedirg Birds of l-ateRotation pinellardwood Stands:
Comnunity Characteristics end Similarity to Other Rqional Pine Forestsl

Drniel R. Pait, Lise J. Pctit, Thoors E. McrtiD, Rooald E. Thill, esd Jaoes F. Teulmea2

ABSTRACT

Tbe rclative rbun&nccs of bird spccics rnd tbe ecological cbaracteristics of tbe ovenll
rviro commuarty were qurntlfi6d within 20 latc-rotrtion prne-hardwmd sites ia the
orscbitr rad ozsrk Nrtiousl Forests 15 tu'lens.. end oklrhome during 1992 end 1993.
In edditioo, simrlentrcs in specics composition aod guild represeotrtion werr compered
with thosc of forest types rn otber ereas of the Southeasters Unrtcd States to rsscss tbc
possible ertcot of Seoeralizstrons to be mede from thrs Ecosystcm Managemeot rescerch.
A btd of 55 bird specles wrs recordod wlrhin suwey plots during 1992 rad 1993, but
only l0 species rccountod for more rhnn $Q perc€nt of dl individuels detcctod. Pinc
werblers coopriscd rpproxrmately 4O perccnt of dl individrnls. Rrnl rbun&nccs of tbe
55 speies were reletively consistcot betwen yeers, cspecielly for thc most cosuDon
spcies. Numbcrs of spccies rod individuals detcctcd during point couot su$eys werr
different bctwen 1992 rnd 1993, altbougb sooc of tbrt discrcpeacy mry b dus to
intcrobscrver vrristion. No sigurficent differpoces werp dctctcd in bird spccies ricbness,
ilssrl"nes, or diversity roong tbe four goographrc zooes or rrDoog furure barvestrng
treatoceots. Bird comm.nities were dooiqted by speics rhrl oest rad foregc in tbe
caropy. Similarity wrs relatively low bctweeo bird rsscmbleges cherrct rizcd on tbe
OurchiL Mounteia sites rad r.sscmblages is otber srudies. Represcotrtron of uestiag rad
fonging guilds, however, wls more closcly dig;ned witb pild structurc found ra other
forests. In geoeral, resuls from Ecosysten Mrargemot Rescerch should be most
eppliceble to loblolly-sbortleef prne rad oek-hickory forest ryp€s i.o the Soutberst.

INTRODUCTION

Tbe Ecosystem Managemeot Rescgrch Program of tbc USDA Forest Service was desigped !o rsscss the cffccB of
treditionel and nontreditionel cuttr.og rnd rcgeoeralios lschniques on the flon, frune, ecosysten ftuction, rad c*baic rad
cultunl ProPcrties of our national forests rs well rs tbc oconomic costs rssociatod with eecb brrvcstiag progyro. Tbo
philosophy bchind tbe ecosystem-lcvel epprorch to -o"rging fcdcnl lands is bas€d on tbe perception tbrr o scwo tbe loog-
term, multiple ioteresb of socicty, prescrvetion of biodivenity end ssteinrbiliry of mturel resourcres oust be viavod i! r
bolistic frshioo (Sdwrsscr 1991, 1992). This'new perspective'suggests that neither socieul (oonetery end culrunl)
coosidentions oor ecosystem integnty (including susteinability) cra be viewed rndepeudcntly of tbc otbcr, rad tbrt
mrmgercot "nits Eust bc viewod simply rs conpooeuts within tbc scope of lerger-scele wetershod procc6s6 rad fuactioos.
The tntcrrctioos of thcsc complcr, rad oftco controversid, issucs (c.g., Frisscll rod otbers 1992) rrc bciry invcstigrtGd i!
e scrics of dcmnstntroo projcs ra"ithin N*ionrl Fores6.

' Prper presentcd et the Symposium on Ecosystem Management Rcscerch in tbe Onchrite Mountrins: Pretrcetmt
Cooditions rad Preliminery Fiadings, Hot Spri.ugs, AR, October 26-27, 1993.

: Research Associete, Cooperative Fish snd Wildlife Resesrcb Unit, University of Arknn*" rt Fryetteville; Curreotly
Reseerch Fellow, Smithsooian Enviroumeotal Researcb Center, Edgeweter, MD 21037; Research Assoclatc, Coopentivc
Fish eod Wildlife Reseercb Uort, Umversity of Arkansas at Fayetteville; Currcntly Researcb Wildlife Biologist, Smitbsonieo
Migntory Bird Ccater, Natioasl Zoological Perk, Washrngton, DC 2000t; Assistant [,egder, Cooperative Fisb sad Wildlife
Reserrcb Uurt, Uurversity of Arkens"" rt Fayetteville; Currently Assistaot Leader, National Biological Sunvey, Coopentive
Wildlife Resesrcb Umt, Uorvenity of Montana at Missoula, 59812; Wildlife Biologist, USDA Forest Servicc, Soutberu
Forest Expen@ent Station, Nacogdoches ,TX75962; Wildlife Biologist, USDA Forest Servicc, Southero Forest Erpcnmeot
Statioo' Hot Spn-ogs, AR. Currently Ph.D. Candidate, Unrversity of Arkanses et Fayetteville, 127Q1 .
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Ecoey*co Mrnrgemt Rcscerch in tbe ornchitr rnd Ozark Netiooal Forcsts in westero Artrnsrs rnd eestcm

Oklrbomtie comprisod of threc phrscs: Phrsc I provided r deoonstratiou of thc logisticd ssPccts end fersibiliry of differcot

brnvc*iog tr€drcots. pbssc II end Phasc III ere designed to sss€ss the economic effectiveness of diffcreat hrncsting

tt€|t*u rs well rs tr€streot effects on thc biological, chemicd, pbysical, rnd esthetic propcrtics of pine-bardwmd

ccosysttrDtt tt thc strnd rnd wrtcrsbed levels, respectively (Baker, this volume).

Nttu6l pinc foresB rnd pinc pl8ntstrons ofteo support fewer species of birds compared with meture dociduous stands

in tbG Soutbc$taa Unit€d Stetcs (Haoel 1992, Smith rnd Petit 1988). Mixed pine-hardwood forcsts, on thc othcr head,

oftca oqul or crcood pure brrdwood forest rypes in spccies richness (Dickson and others 1980, Hemcl 1992, Meyers rnd

JohDsoD l97t). Yef, both pinc rnd mixod-pine forest rypcs reprcsent criticd habitats for oconomicclly end socially importent

gtc birdr, dsctining notropicel migntory bird populations, ead threateoed/end"ngered species @vms 197t, Haoel 1992,

Jrckrco lgtt). Thc vduc of pine-rssocieted hsbitsts to bird grd wildlife populetions, coupled with increasing demends on

tba lr1ds for timbcr prcdwtion ud urbrn devclopocot (Jrcksoo 198t, Kaight 1987), brs crerted ra urSeocy 8non8
wildlifc biologists !o beucr understrnd bird-bsbitrt relationships rnd thc impact of different E8trsgetrnt prrcticcs oa bird
populrtioas in thc Southcrst (Childcrs snd others 1986, Herris and others 1974, Johnrcn 19E7, Noblc and Hamilton 1975).

Criticd in this rcsarch is docurcotgtion of bird spocics thrt are rssocietcd with meture, neturally regcnerated pinc forests,

'cootrols' egeind whicb to conpot! differeat strnd rges rnd managcmcsl lahniqucs.
Thir rrport $Enrriz6 informetion on tbc relrtivc ebundsoces and comnunity cbarrctcristics of breding birds

rssaidod witb letc-rotetionrl pinc-hrrdwood forests before stand-level ecosystcm u[ntgement hrrv€sting tre.trents werc

lplplid (Pb$c II). Bird rsscmbleges occupying these sites were compared with rsscmblages inhnbitin8 msture pine end pine'
brrdwood stlnds in other rrers of the Southeestern Uuited States. The degrec of similariry snong the different regionel bird
commuaitics dlowcd projcction of thc generality of the harvesting trestmeots on Southeastern pine/pinc-hardwood bird
comnunities.

METHODS

Study Sites

In 1991, nine late-rotetion pine-hardwood stands were selected in the Ouachita (7) and Ozsrk (2) National Forests of
northwestcra Arkansas (table l) to establish bird and vegetatioa sampling protocols to be used oscc Phase II trcetnent plots
were selectcd (soc below). (At that time, these sites were targeted to represent pretreatment controls. However, liming of
Phssc n timbcr harvesting allowed pretreatment data to be collected within the actr.ral 20 Phase II sites. Coosequently, tbesc

nine sitcs providcd only zupplemental raformation on late-rotation pine-hardwood bird assemblages.) South-facing slopes

(including southerst rnd soutbwest) predominated on most sites. Stands had uot been harvested for 75 to 90 yeers, rnd pinc
rnd banlwood besel erees avereged approximately 7.7 m2ft.a (range: 7.0 to 8.1 m2/ha) and 3.t m2ihr (ranget 2.5 to 4.3

m2lbr;, respoctively. C:nopics were largely closed (percent csnopy cover, meul : 84 perceut; rsngc = 79 b 8t pcrceot,

N : 9), with mcrn ctnopy hcigbts bctween 15 and 23 m (overall mean = 18 m). Most sitcs bad welldcvcloped
nn&rstories rnd midstorics compriscd mrinly of Vaccinium orynbosun L., CornwforidaL., t'lyssa sylvutica Mersb.,

Qucrcrs marilandica Mucochh., sd Q. stellata Wengeoh. Qucrcus velutina [,an., C. rubra L,, Carya spp., end Pinar
echinota Mill. wcrc the primary ovcrstory trs. All sites encompass€d 16 to 25 he.

la l9fl|2 rad 1993, bird survcys were conductcd on 20 additional sites on whicb 5 different Phasc II banrcsting
trcstuEnts werc to bc applicd during sunmer ud aurumn 1993. All stands bad predomrnantly south-facitrg aspcts (including
southwest and southeest) with slopes that ranged beween 0 to 15 perceot. Stand age ( > 70 years), vegetative structure (mn
crnopy cover = 82 pcrccnt, rangc = 7E to 87 percent; mean canopy height = 17 m, range = 15 to 20 m), and tre spcics
compositiou were similar !o thc late-rotstional tracts srudied i! 199 I (tbrll and others [this volume] provide additionel deteils
of sites us€d in 1992 rnd 1993). Tbe 20 Phase II sites were loosely grouped ftased upon possible edaphic and climetic
differeoces [Baker, this volume]) into four geograpiuc zones (hve stands per zone) pnmarily in the Ouacbita National Forest

in Arkenses and Okhhomr, but scveral sites were located in the southemmost distnct of the Ozark Natiooal Forest (tsble
l). Erch group of five sites included one replicate of each of the four harvesting treatments (clearcutting, shelterwood, group
sclectiou, rad single tre selection) that were to be performed rn 1993, ia addition to an untreated cootrol site (Thill and

others, tbis volume). All sites were 14 to 16 ha.
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' Gcojnphic zorc urd ia thc Ecoryrrcm Mrnr3curnt cxperinrnrrl dcri3n. No dcri3rution of zorr b
rppmprirt for prelimiorry dete collcctcd on the nir riar in l99l .

t Alum Creck Expcrinrcrl Fortl.

Bird Suneys

Bird rbundancc wss estimstcd in five or six (depeoding on size of the site) 40-m radius (0.5 ha) circuler Plots sPsc€d

evenly over qrcb sitc. Bird survey plots (hcrcefter 'plots') wcre ususlly Etor€ tbtn 150 m apart, but size or sbtPc of some

stends permittod only 130 !o 150 m of scparation. PloS wene more thrn 9O E rwsy from edges (e.g., roads, youtger

succ€ssioorl growth, differeot forest typcs). On 3 differeatdays (= 3 visis)between 5 to24 May 1991,28 April to 2 Juae

1992 (75 pcrccot of srveys completed before 15 May), and I !o 14 May 1993, ell birds s€en or heard within Plots on esch

sitc wcrc rcorded. Teo minutcs were sp€ot at each plot. todividusls detected beyond 40 m, but within the site boundaries

wene dso noted. Birds seu flying or sosri.og sbove csnopy trees rnd sp€cies that do Dot breed in tbe region (transients) were

excludod. Surveys wenc conducted between 06:0O rnd 12:00 ( > 90 p€rceot werre comPleted before I l:00) on &ys witbout

strong winds or prolooged pr€cipitation. (Oo several days, suweys were cooti.oued wben light rainfall began after initietion
ofbirdcoun6ootsitc.) Birdzurveyswercconductedbyfourobs€rversinl99l,threeb1992,andthree h1993' OnIy

ooe obs€rver (Teulman) surveyed birds during all 3 years. With the exception of Taulman, the bird census€rs in 1992 were

different from thosc in 1993.
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Guild Analysis

Spcies were grouped into the following foragrag rnd oesting guilds to exsmine tbe relative contributions of thesc

SrouPs to thc ovenll 6it6 sqnmunity inhqlilist lale-rotatioD pine-bardwood st nds' (l) open<up, csnoPy ( > 3 m); (2) opca-
cup, shrub ( < 3 m); (3) ground; (4) cevity; and (5) other (e.g., rock faces). Foraging/trophic guilds were based on brocdrng
se$,oo dies/foraging tectics rnd dcsignrtod rs either: (l) folirge-gleqning insectivore, c8nopy (>3 m); (2) foliege-glcening
insetivore, sh$b ( < 3 m); (3) ground-foreging inscctivore; (4) acrial flycatcher; (5) bark inscctivore; (6) crmivorc; (7)

Snnivore; (t) nrcterivorc; rnd (9) ornnivslp. Classificatioos were bes€d upon Ebrlich rnd others (19t8) rnd Hemet (1992).
Brecding bird community composition on sites in the Ourchite rnd Ozsrk Nationd Fores6 wrs comprrod with thet of

12 other studicc conducted within matur€ ( > 4o yean) pine-rssociatcd forest types in tbe Southeastcrn Unitcd Strrtcs. Rapton
ead weterbirds werr not includcd in this e"dysis because populations rrc not essily qrr.nll6ed using fixed-redius point couots
(e.g., nptors); prescncc of e species on r giveu site may bc highly dependeot upon wrt€r (e.g., wercrfowl); end mqny studies
reportod only terrestrial landbirds. Similerity in bird comm,rnity composition wss cslculated by Sorcnsen's Inder (SI):
2mC(A+B),wbcrcA:numbcrofspeiesrnforesttypcA,B=oumbcrofspeciesinforesttypeB,endC=numbcr
of spcies shrrod bctwoca two forests (Muellcr-Dombois end Ellenberg 1974). Sorenseo's lndex crn range from 0 perccnt
(no speiec in commn) b lm pcr€€ot (ideuticsl species compositioo).

Sinilsrity indices Esy oot rccuntely reflect the rctual overlap in species compositioo in two rres bccausc species
rsscmblegec quentificd et locd levels mry be strongly influeuccd by the inansity of semFling (e.g. , number of sitcs, number
of yeen). Hrmel (1992) prescnted complete bird species lists for different forest rypcs in the Southcastcrn Unircd Strtcs.
Those detr were usod to provide some indication of the 'potential' similarity in bird comnunity compositiou bctwecn Etture
mired-pinc herdwood stands (forest rypc repres€nted by Ouachita and Ozark Nationel Forcst research) and six otber forest
tyPcs itr tbc Southenct: loblolly-sbortleef pinc (Pinus taeda L.-P. echinata), Virgiare-pirch pinc (P. irginiamMrll.-p. rigida
L'), longlcef-slesh pine (P. palustris Mill.-P. elliouii Engelm.), sendhills longleaf pinc, longlcaf prne-scrub otk (euercu
spP.), end ork-hickory (Carya spp.). Sinilarity indices were calculated as describcd ebove.

Data Analysis

The bird survey Echnique allowed calculation of an index of density for crcb species ntber tben r Eersung of ebsolutc
density. Relativc ifun.hnse of each spccies on a site was presented as the average number of individuals detectod per survey
point (brscd upon threc visits). Species richness was based upon: ( I ) only tbor individnals detected wirhin survey plots on
eacb of the 20 sites (Sr); and (2) all species detected oo the site, i.e., both within and outsidc survey ptoa (S,y. The
Shgnnss-wsrner diversity rodex (H) was calculated ls H' = - E p, ln p1, wherc pr wss the propo(ioo of ell individ'als
detected thal wsrc rcprcsented by species i (Pielou 1969). Data from 1992 and 1993 were analyzcd separately bceusc of
between-year differences in species ricbness and abundance (see below). Comparisons of bird community metrics (i.c.,
abr.rn&acc, diversiry, richness) rcross future trestments end gmgraphic zr,nes were made with two-wry rnelysis of vrrirncc
(ANOVA). OnIy the marn effects model for each bird comm.nity metric was reported here becausc no interrctions existed
atmng the factors (Neter and Wassermaa 1974, p.582). Other statistical tests tre rnctuded in thc text. Differeoces were
considered to bc significaat if P s0.05.

RESTJLTS

Adequacy of Bird Sampling Effort

Thoroughaess of bird surveys is difficult to assess witbout extraordinary effort (e.g., by spot-mapping) to detcrmrne
all species breeding on sites rnd tbeir rclative densities. However, wheu estimating species ricUlss, foi Lxanpte, edcq'ea
sampling intensity can be rchieved when species-effort curves become asymptotic. Bird surveys in l99l demonstrated thet,
oo &verage' one visit to e site (cumulative slm from all plots on a site dunng r given day) detected nearly three-fourtbs of
the species, and that two visits rcgistered mor€ tban 90 percent of the species recorded trithio survey plots after three visits.
Datr from 1992 and 1993 revealed species<ffort curves similar to those found in 1991, especially for rezults after two visits
(fig. 1).
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Sciutyt rottilla
Puvloouicatu
&ttco linanp
Arciilor,'hut coldrb
Linwrhlypu nailumii
batycillacdmtu
M c I au wct e ry r h roc c p hd zt
Vno grucu
Dadnica dotriaica
Mcleagu pllopaw
Buteo lanlaicctsb
Mcgucrylc alclon
Iaena irsrg

Percenurc of toul (nnt)
t992 1993

.o.r (l) 35.2 (r)
t2.9 Q' l r.9 C2)

5.r o) 1.2 Q)
4.6 (a) 6.9 (a)
1.5 (5) 1.5 (6)
{.. (6) 0.r (16)

..t Cr) ..r (5)

3.. G) 2.7 0)
2.5 O) 2.. (e)
2.1 (10) l.e (r3)
r.t (il) 2.1 (12)
r.6 (12) 0.r (.2)
r.6 03) 1.2 05)
l.S (1.1) 2.3 (10.5)

r.. (r5) r.t (r.)
1.2 (16) 2.3 (to.t
l.l (17) 0.7 (17.t
0.t (lt) 0.1 (.2)
0.7 (t9) 0.1 (.2)
0.J c20.5) ..2 A
0.5 c:0.5) 0.0 (52)
0.. c22.t 0.5 (2r)
0.. (22.t 0.0 (tl)
0.3 (5) 0.0 (52)
0.3 c25) 0.2 (3r)
0.3 c25) 0.6 (19.5)
0.2 (u, 0.7 (17.5)
0.2 (2t) 0.0 (52)

0.2 (2t) 0.6 (r9.5)
0.r (32.5) o.l ({2)
0.1 (32.5) 0.0 (52)

0.r (32.5) o.l (.2)
0.1 (32.5) 0.0 (52)

0. r (32.5) 0.0 (52)

o.l (32.5) o.{ cz.5)
0.0 (.5.5) 0.2 (3r)
0.0 (.5.5) 0. r (12)

0.0 (.5.J) 0. t (.2)
0.0 (.5.5) 0.2 cil)
0.0 (15.5) 0.r (42)

0.0 (.5.5) 0. l (.2)
0.0 ({5.5) 0. l (42)

0.0 (45.5) 0.2 (31)

0.0 (45.5) 0.3 C25)

0.0 ({5.5) 0.1 ca.5)
0.0 ({5.5) 0.2 (3 r)
0.0 (4J.5) 0.2 (l l)
0.0 ({5.5) 0.2 (3 t)
0.0 (1J.5) 0.2 (l t)
0.0 (.J.5) 0.2 (lt)
0.0 ({5.5) 0.3 (25)

0.0 (.5.5) 0.1 e5)
0.0 (15.5) 0. l (42)

0.0 (.J.5) 0. I (42)

0.0 (45.5) 0.1 (.2)
+' +

t,

-+

' Da.cr.d o! riic.. b.tt ooly fluilc of bird orvry plar.
t Na daccrcd oc .itc. i! l9tl.
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Thirty-rveo Pstccot mrc spcir rrtm reordcd srlrhin plots io 1.991($ Irodl r {g) rhrn ra lgg2 (s, gotrll - 35).oo rvere3o, tbo anober of rpcicr rEordcd within errvey pLt" p", sito ia fcgr t** sr'-_r3.4o, sD _ 3.o,N _ z))crcadcd tbrr of 1992 (uo sr ' 12.35, I - 2.41)by ooi, uuitlis diffcreoco \ns aot slgnrncror 1onr'd ,-rcc; , - 1.60,P - 0'12)' Ulcwisc, whca rll lPcice &tetld oo sitcr were cousiderrd (i.c., both;thh rad bcyond erwcy plorboundericc), llprc gocic \r€rc dcu@bd iD 1993 (S, I'fotell = 57) thaa iB lgy2(41). Oo rvenge, eppmximrtcly 4 mrrspccicc wcrc reordcd oo ch sitc i! 1993 (mn S, - 22.70, SD = 2.96, N = 20) rhrn in 1992 (mcrn S, = lt.lo, SD= 2'99i prirod 
'{cd, 

t ' t.93, P <0.ool). ln coatnst to spcies richncss, rehtive ebuo.t.nce of birds within zurvcy plotsunssi3nificrntlyircrtcr(r-3.54,P-0.@2)ir1992(numberofindividurtcpersureypoint;ma 
n3.63,sD-0.56,N = 20) tb8 i8 1993 (ua - 3.(x, sD ' 0.63). Spcics divenity (H) rtrbe sirc levil rvengod 1.92 (sD - 0.2t) ia1992 |Dd 2'04 (0'3t i! 1993 (Pdrod t'tcst; , = 1.66, df - 18, P : 0. t l). 1a-*1 differeoces rn bird spccics richuccs,ebuodracc, rad divcrsity wero conobo'.td with ANovA - scc Metbods).

Diccrtprocic i! bitd coomuoity ctrics bcnra ycerr could refloct cithcr rcel differcaccs in bird comm'nirychrnctcristls or interobcrucr vrrirtioa. soc insi3ht inL msc dtcraetivcs cro be obtrincd by compering rcs'lts of tbeooly obccrvcr t'o 3|n'cy bids i! botb 19912 raa tgei6eutnro). Tbe nuober of individruls per s'rvey pornt deliood 16pcra6t bcttra ycrn for botb tbo ovcnlt resutts (sc rbovc) rna *leo rnrryscs *"rc ,*t.r"tad to the sin3le obcewer,dtbough tbo hrcr dificrrc u'.' ooa siFificrDt (p.ircd r-cai r - 1.67,p - 0.ll). Spocies nchncss rlrc did uor differbcnvayc.r!rtoitbcrthcplotorsiaicvcl fortbccin3leobscrver(Sr, 1_ 0.91, p _ 0.37:S,, I = 1.23, p = 0.23).Tbc rcailts $t8Gtt rh't, rltbou8h bird rbuadeacc ory hrvo bccu lower i! 1993 cooporod with 1992, obscrver vrrietroowu pertly rtqoosible for tbc reordod diffcrenccs io spocics richness during thet serrrc pcriod.

Ncstir{ urd Forejfug Guil&

croopy ndcrt comprirod epprorimrtcly twethirds of rhe individuels reordod in borh lgg2 rod lgg3. Tbe hiSbdcositice of two cloopy-ocstcrs, piae wrrtlcr rnd rcd-cycd virm, rccountod lergely for thet domrnrtion (fig. 3e). At tbospcics levcl' croopy'ncstcE still werc thc best represcorod nesting grild, but crvity-, sbnrb-, rnd gro.od-oestcrs 
'so

contributcd subetratidly t'o sPeics richnces (fig. 3b). Sbnrb.oestcrJreprescutod epproxioetely lt pcrccot of thc spcicedctetcd but ooly 3 perceot of tbe individruls. Rcprescotetioo of ncsting grilds within tbc comrD,,nity did oot verysi3pificrotly betw.ca yars (log-litelihood natio rest; G - 0.72, df : 4, p - 0.95).

z
UJ
Oao
I,J,J

o-

CAVITY GROUNO SHEUB

NESTING GUILD
;AVITY GROUNO SHRUI

NESTING GUILD
Fi3rrc 3'- R.pntMan oJ d$cmt usdng guib an lau'rcration pirc-hardwod sites in Ig2 ad lggl. Ban rtpnsan thc pcrcatagc of (A)individult ad O) ryccict tllat conprbcd cach o! ttv ivc guib. Ncstiag guib an opct -cup, covpy @ANopy); mc covity (CAWT,);gtwrd; opcn<q, dufi lqcr (SHRllB); atd othcr.
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Crnopy foliage'glcrning inscctivores, of which pbe werblers and red<yed vircos werc thc most rbundent, rccounted
for rpproximrtely nro-thirds of thc individurls detcctcd, but ooly ooc-fourth of thc spccies (fig. 4a). No otber fonging guild
compriscd 6ssp thrn ll pcrccat of the individuels&tcctcd in either ycer. Wbcn specics werc eqully wcigbtod (i.e., no
mrsune sf gusrl'nso), howcver, bert-, ground-, end sbrub'foreging inscctivores, in rddition to croopy forrgers, were
compnble in their rcprcrcotstion (fig. 4b). Ceraivores wer€ rcPrcsentod by 3 pcrccnt eod l0 p€rceot of the species in 1992
rnd 1993, rtspctively, dtbougb lces thra I pcrccnt of thc individuels detected erch yeer werc raptors. Graaivorous end
nectrrivororu spcicc wGtt sclroe on Ecosystcm Mraegcmcnt sitcs. No siguificrnt shifts occurred bctweo ycers in thc
reletivc structure of trophic Adlds (G - 3.59, df = 6, P - 0.72).

Differcnces Anorg Geographic Zones

No significmtdiffcrEsccs existad in bird spccics ricbncss (.5, [992]: F = O.77; df = 3, 12; P = 0.53; $ [1993]: F
=0.95,P=0.45;S,[1992]:F=0.45,P-0.72;S,[1993]:F-2.13,P-0.15),rcletiveebun&ncc(1992:F=0.10,
P-0.!5;1993:F-3.31,P-0.06),orspeiesdiversity(1992: F- 1.03,P-0.41;1993:F-0.62, P=0.62)uDont
tbc four 3o3rrphic zoncc in citbcr yar (nC. t.
Differcrs Amolg Ftturc TrcaErentr

No sigpificent differenccs were detected ia bird specias ricbness (.S, [992]: F = O. l8; df : 3, 12; P = 0.94; S, [ 19931:
F=0.16,P:0.96:S,[992]:F-0.83,P-0.53;d[993]:F=1.26,P=0.34),reletivcj[qn.l.ncc(1992:F=0.21,
P:0.93;1993:F=1.43,P=0.28),orspciesdivenity(1992:F=0.17,P=0.95;1993:F=0.49,p=0.75)rpoug
the fivc futura brn/csting trcrtments in either year (fig. 6).

Similarity to Other Southeastern Forest Types

Thc overrll fi6l senmunity (terrestrid landbirds only) recorded on Ecosystco Menegemcnt Reserrch sitcg wrc
comprrod to bird s666rrnilies from 12 other snrdies conducted within pine end mixed pine-hrrdwood forests of tbc
Southerst. ln gcoenl, similerity indiccs (S[) were relatively low (mean : 55 percent, nagc = 36 to 78 perccot) rnd showed
no clerr reletionship with forest type, uumber of sites sampled, or geographic proximity to the Orechitr rnd Ozerk Netionrl
Forests (tlble 3). However, SI was hrghly correlated with total aumber of bird species recorded in each of the studies (r: 0.87, P <0.01).

Andysis of 'potential' similerity i! bird comnunities using Hemel's (1992) date showed thet thc pool of spcies in
mired pine'brrdwmd fore$s in thc Southcrctern United Statcs wgs most similer !o thosc of loblolly-shortleef (SI - ?8
pcrccnQ rad ort-bickory (SI = 85 pcrccut) forest typcs. Bird comnunities in forests d6minq6d by slrsh, Virginir, pitch,
rnd/or longleef pincs showed less similerity (mcen : 62 pcrcent, rtDgc : 57 to 67 p€rccot, N - 4) to comrnuniticc
occupying mixod pine'benlwood forests, thc pinc componeot of whrcb is usrully loblolly or shortlcef. Psrccat similrrity
wrs signrficently correletcd witb thc hypotheticel number of spocies occurring in eech of thc six forest rypcc (r = 0.89, P
< 0.01). Furthermre, thc rrtio of SI to SI- (thc maximum veluc possible given tbc uumbcr of spcics occurring in ach
of two forest typcs) rrnScd betwen 0.t5 rad 0.9t for tbe six forest typcs, suggesting thrt thc less spociosc bird com'ngmtiec
(ell but ork-hickory) were ucrrly pcrfct subsets of that found in mixed-pioe hardwood forests, rnd thet thc mirod pino-
bardwood bird comnuniry w8s e subsct of tbc oak-hickory bird comn"nity.

Nesting and fonging guild compositioo of the Ecosystem Management sites in tbe Ouachitas and Ozsrks wrs comparablc
to thgt of other sitcs rnd forest typcs in thc Southeestern United Ststes, but only whea speies were equelly weighted (fig.
7). When specics were wciShtcd by reletivc abundence, canopy insectivores and canopy nesters ctcerly dsminrlgd thc guild
structure oo thc OurchittlOTtrl sitcs (se figs. 3 and 4), wherees guild represcotetion did not change appreciably in thc orher
areli.
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DISCUSSION

Firod-rrdiru Poilt counts rPParcd lo be ra rpproprirtc rrcrss for cstinrtilg reletivc bird ebunda.rcc i! Drtup pine
brrdwood forerts. Thre visits to c|cb sitc wcrc probebly nrfficient to detet aady dl speies tbrt would be reordcd wrthin
survGy plou with r Eodcntc incrprsc ia effort (pcrteps, fivc visits), bclrs i! dl 3 yars dcloctioo of os\y lpeicr dowoddrrmrticdly rftcr tbe scond vrsit (fig. l). Similerly, Twedt rod othcrs (1993) conductcd uulimitcddistencc poinr counts
in Mississippi Alluvid Phin forcets rod fouad ihel tbc lunber of speies rccordcd rfter four visits did not diffcr rigoin".ouy
from thc nulnbcr dctetcd rftcr five visis. Io the Orachita rnd ozrrks, bowever, 30 to 40 pcrc€ot of thc totrl uumbcr of
sPcies reondcd on I sitc wcne Dot dctcctod within survpy p1.ts. Thus, by restrictilg survcy plots to 0.5 br, rcletive
rbuo&nccs of nqny sPccics tbet occurred on erch sitc wcrc underestimatcd. Thosc spccic tbrt wcrt not dercctod witbln
plots werc ertrcEFly nrc (crcb spcies conpriscd ( I percent of rbe totel individrnls), oftcn bein3 dcrcctcd.oo ooly ooc
occrsion. This rrrity is cvideot itr thst, over threc visits, rrte of rccumuletion of spcics on thc cotire sitc (S,) cioscly
penllelod tbrt found for speics dctcctcd only within suwey plos. Beceusc thesc gnlimitoddistrncc coun6 coverod r 

',rcbler3er rree rh'n the r(l'm fircd-rrdius nrwcy plos, e morc npid rstc of spcics rccuouletion sbould hevc bq exhibitcdif m spccics wcrc rl lc.st Eodcntcty commn (ead detctr-ble;. Unlimiroddisrencc countsr rs usod in rhis snrdy, will
ioprove GtiErta of sPeica richncs conp.rod to firod-rrdius plots, eltbough cstimetcs of relative rbund.nce ory bc mretcolpus' Tbcreforc, to rur'iniz lbo inforortion 3rinod hoo geocnl bird srweys in forests, wildlifc biologisr should
iocorporrtc botb fixod-rrdius rnd udinitcd-ndius rctbods iato sgrvcy protocols @etit rad others, rn precs).

Thc remificrtioos of undcrcrtiortim of nrc spcicc rre prob8bly noi si3uificrnt in thc scopc of this rescrrch. Difficulty
in quntifying rbundraco of rrrs speicr is coEDa to dl bird survey tecbniqucs (Relph rnd Scott 19il). Furthcrmre,
uadcrcetimdi63 sf $'ndrrcc of nrc ryeies within fixed-ndius plots sbould not hinder rsscsrut of EcosystcoMru3emt brrv*in3 ttlrteat8' prrticuledy if tbosc nre specics 

-U*o* 
morc rbuadrnt rfrcr trcrtmts rre rppliod

lgry of chrogc in nrcccssioorl str8c or veSeurive rt*.tur.. In rddition, eltbough elt speics werc Bot Oereraa iy tUc
firod'rdiru bird rlnplia3 tebaique, limitcd rcsounear aeccssiteted psrminrlies of rdative differcoccs rs)ag trcrt@ts.
Tbtu' hrrvectir8 trcd@ts tbrt rcsult ia increescs 1o 1lusrbnss of spcics sbould bc (stetisticrlly) detctrblo cvca thou3hsoc of tboac speia wcre uodcrcstimrtcd during pr€trestmnt surveys. ln eddition, s€veral oithosc nre spcics (c.g.,
owlg, hrwts. rad rcc woodpekers) chencteristicrlly occupy largei>lO br) brccding territories, sucb tbrtroy suryey
tcbniquc fscrrqtcd oa strnd'level populetioru would detoct retrtluity fcw individgals. For tbosc spccies, the effecs offrvatg rnd rp'n'8ecot Prrcticcs oo breoding colo3y migbr bc mos cffetively tsscsscd during tbo wetersbod-level
mrnipulrtis33 of Pbrse III Ecosystcm Mrnrgement Resarch.
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Not surprisin3ly, proc wrrblcrs were tbo oost abun&nt bird spccics occupyin3 Errurc mixcd pinc-brrdwood stea& of
wcstcrn Arkrnsrs rod crstcm Oklehome. Pi.oe werblers reach tbeir grc8test deositics in pinc rnd mrxod-pi.oe forcsrr of thc

Soutbcrdcrn Unit€d Strlcs iDchding tbc Ozlrt-Ouchite pbysiognphic stntun (Heml 1992, Robbinr rad otben l9t6).
Although higb rclrtivc ebun&nccs of brecding pinc werblcn hrvc bccn reportod by others (c.3. , 30 parccst of dl individrnls

tlaad 11d othcrs 19891, lt pcrccot [Noblc rnd Hrnilton 1975], 14 psrceat [Conncr rad othcrs 19791, 13 pcrccot [Dicksoo
rnd Scaclquic 19791, rad l0 pcrc€at [Kerlin3er 1983]), our results stggest thrr pino wrrblcn mry comprisc onc-third or
mrc of tbc totd individurle in mrnrrs pinehrrdwood forcsu in tho Ozrrt rnd Ouchicr pletcrus. Crution must bc usod

in istcrp1trbg our Dlruro of rbun&ncc, howcvcr, beeuso our survcy tehniquo doct not fully rccount for vrrietioa ia
dcbrrbilitics rmng speics. Ncvcdhclcss, srch dominrtioo by e singlc spcicc indicrtcs tbrt cstimrtcs of oversll densitics
of birdc in thcr piDdrrdwood forrsts mry b primrrily influeacld by tbc rbuadrncc of pinc werblen. Surnmrriel of bird
populetion drtr from pinc-hrrrhvood studs Ery noo{ tp bc mrc dcteilcd tbrn eimplo n'.icrrrcr of ovenll dcosity rad
richnocr, bcruso nucricd dornin.tioo by ooo or r fcw spccics could cu* thooc quratitrtiyc mrlunr to bo mislceding.
Rrtbcr, inftreococ rbout tbo bird community rs r wholc nood to considcr srch chrnctcristics rs scx ntioc, reproductivo
ougut, rnd thc di*ribution of individurls rad spcicr euxluS cologicrl Suil&.

Rcd<ycd viru wrr thc only other speier !o compriso mre thrn l0 pcrccot of thc individurls. Brsod oo brcding
dcnsitics, pine.hrrdwmd forc*s rppercotly rrc not optimrl hrbitrts for rod-cycd virooo (c.9., Hecl 1992), but thcy will
occupy e wi& rrago of pinc-rsirtod brbitrts dcpeoding oa the ertcot of dciduoru crnopy rnd undcrsory trs (Hecl
1992). I-srl populetioo dcositicc of pioo wrrblcn rnd red-cycd viroc epprrrotly rrc conelrtod !o similrr htbitrt fcerurrr,
but in opposilo wrys. Pinc werblen rcspood positively to bcrascd pine coryoeition, whcrcrs rod-cyod virtn would delinc
undcr tboso conditions (Heml 192, Johnston rnd Odum 1956). Hcncc, tbc mixcd-tre speics compocitioo found on thc
orrcbitr rad Ozerk strnds sllowcd both spcice !o pcrsist in rclrtively high numbcrr.

Individuls thrt build opco-cup ncsts in thc crnopy contributrd Eosil to grild mmbcnhip lerycly bccnrse of tbc
abun&acc of pinc wrrblers and rod+ycd viroos. At tbc speics levcl, nccting 3rril& werc much mrl cvenly distribut€d.
A similer pattcra wrs reveelod for fonging/trophic guilds; thet is, ceropy insctivores, srch rs rcd-cyod virac rad piac
wrrblcrs, comprisod thc mejority of individuals detcctcd. Discounting relrtivc rbundrncc, spocicc thrt forrgc froo bsrt,
croopy foliege, shnrb foliege, rnd thc ground were well represcotcd. Thesc resulc suggcst thrt menrgcmcot or brnesting
mthods thrt dtcf basel rrea, lcrf littcr cbaracteristics, or foliagc dcnsity rt ceaopy/subcrnopy or shrub levelr mry hrvc
negrtive rcpcrcussions on rruny forest spccier that requirc thosc resourccs for ucsting end fongiag (scc L. J. Petit rud
other!, this volum).

Comperisoo of bind gsmn'niq/ cooposition of mixed pine-berdwoods ia thc Ouchitr Mouatrinr with othcr pino-
rssocietcd forcsts throughout the Southeastern Unitcd States suggests thet applicetioo of results from Ecosystcm Mrnr3emt
Rcscerch in Arkrnsrs end OUrhooe Ery oot bc highly uscful in predicting commrnity-levd responscc il othcr Nrtionrl
Foress in thc region. This wrs not zurprising given differences in spcics rengcs rad ebundences ecross tbc Soutbcrs. Ya,
eveo rePrc{icotrtioa of fongrng rnd nesting grilds vericd zubstrntidly rnooS sitcs rnd forest typcs (rlthough O$hitr/Ozrrt
sites were closely alignod with gcncrrl trcuds tbrougbout the region). In rdditioo, Ecosystcm M'.rgeml Rescerch
dcscribod in this prpcr incorpontod only r portion of thc microclimetic rnd vcaetetive verirbility found in pinc-hrrdwood
strnds iD this rcgion b*euso only south-frcin3 rspets were considerod. Thcsc restrictioos, although nccssrry in thir higNy
controllod experimcot, mry further hinder genenlizrtions !o othcr erees within thc Southcestcrn Unitcd Strtcs.

Brscd upon Hrocl's (19y2) compiletion of potcotid bird communities, USDA Ecosystcm Mrnegeocot Rcsarch in
tukrnsrs rad Oklehomr should bc Eost eppliceble !o loblolly-shortlcefrnd oak-hickory forest rypcs in thc Southa* region.
Ncvcrtbelecs, predicting bird community- or grild-level respooscs !o hencsting trertncnts still mey bc difficult in oeay
locrtions, or for sore fongrn3 rad ncsting Iull&. Thrt unccrtrinty could crerlc r dilemmr for forcst Erorgerr. For
srrqrlcr forect ornrgers oftco rttcnpt to Erintdo or enbrncc locd diversity of spcics on leods undcr thcir jurisdiction
(Tho-." rnd Sdwrsscr 1989). If the curreot orrachite Ecosystcm Managemcnt Rcseerch suggcsts tbrt e ccrtrin timber
brrvesting trcrtunt should bc epplicd to incrersc diverSity, should that recomncn&tion bc followcd cvco though bird
spccicc compositioo in thc wo lreNs lnp not highly similar? Tbrs, cautioD Eust bc usod wbeo rpplyiag Ecosystco
lvfenrgemcnt Rescrrch results !o predict chenges in spccies divenity or richncss et other sites.

However, community-wide predictions in other areas still mry be possiblc bcceusc ncerly dl species fouod in
Southeestcru pine fiorests elso were recorded in the Ourchitr Mountains. Sinilaritics between the bird comnunitics in mixed
pine-brrrlwood forest rnd tbc other six oajor forest typcs (Hamel 1992) werc positively correlated with spccics richncss in
the letter group. This indicates that the bird comnunities in the five types of pinc forest were subsets of thc bird community
chrncteristic of mired pine-herdwoods, which itself was e subset of that in o*-hickory forcst. Thus, elthougb results of
this study will bc mst velrublc for predicting bird respooscs to hawesting trc.tmnts on r speics-by-spccics brsis, forGst
mlntgers in other Netiond Fortsts dso may be able to develop .s6sunity-wide predictioas from this Ecosystem
Maaagemnt Rescerch.
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